in the N-termini segment. Hemichannel activity was evaluated by measure the plasma membrane permeability to fluorescent tracers, YO-PRO (MW 375.5 charge þ2) and ethidium (MW 314.4; charge þ1) and single channels conductances by whole cell patch clamp. Bathed in a divalent free cations solution HeLa cells expressing the syndromic G12R mutant show four and five folds increase in the uptake of YOPRO and ethidium, respectively, when compared to cells expressing wild type Cx26 (WT Cx26). At the single channel level, the full open state of the G12R mutant was around 600 pS; almost twice of the WT Cx26. On the other hand, the non-syndromic G12V and syndromic N14Y and S17F (most severe clinical phenotype) behave like the WT Cx26. These findings suggest that most Cx26 syndromic mutants in the N-termini mediate their pathogenicity by other mechanism than gain in hemichannel activity. Electrical conduction in cellular networks is governed by gap junction patency between cells and the open state of membrane ion channels. In light of endothelial cell (EC) dysfunction with aging, we determined whether aging altered electrical signaling. Intact endothelial tubes (width: z60mm; length R 2mm) isolated from superior epigastric arteries of Young (4-6 months) and Old (24-26 months) male C57BL/6 mice were studied using dual intracellular microelectrodes. Separation distance between sites of current injection and membrane potential (V m ) recording was 50-2000mm. A reduction in electrical length constant (D) from 1630 (Young) to 1320mm (Old) accompanied an increase in restingV m from Young (-2851mV) to Old (À3651mV) (nR9; P<0.05). With similar pEC 50 values and maximum V m responses to acetylcholine (DV m Young: 7.350.1, À3853mV; Old: 7.250.1, À3951mV), the conduction amplitude (CA; DV m /nA current injection) for intercellular electrical signaling was less (P<0.05) in Old vs. Young (at 500 mm: 5.951 vs. 8.951 mV/nA; n=6). Despite similar hyperpolarization (~-35 mV) to direct activation of calcium-activated K þ channels (SK Ca /IK Ca ; K Ca 2.3 and K Ca 3.1) with NS309 (1mM), the reduction in CA was greater (P<0.05) in Young vs. Old (À651 vs.-451 mV/nA; nR7). Inhibiting SK Ca /IK Ca (apaminþcharybdotoxin) restored conduction in Old to that of Young (at 500 mm:~10 mV/ nA; n=6). To investigate a role for oxidative stress, H 2 O 2 (200 mM) increased V m to E K (z-90mV) and impaired CA by R 90% (n=8) in Young; these effects were blocked by apaminþcharybdotoxin (n=6). Catalase (500 U/ml) depolarized resting V m from À3851 to À2851mV and increased CA by z30% in Old (n=7; P<0.05). Thus restricted spread of electrical signals along endothelium of Old reflects enhanced current dissipation through open SK Ca /IK Ca in response to oxidative stress.
1
University of Washington, Seattle, WA, USA, 2 Environmental Molecular Sciences Laboratory, Richland, WA, USA. During blooming, flower petals undergo significant shape changes. For lilies, various different mechanisms responsible for the change have been suggested [1, 2] . One is that cell growth along the edge of a petal, or, more generally, a tepal, drives a transition from a cup shape (within a bud) to a saddle shape (within a bloom). This mechanism has been previously considered for tepals modeled as shallow elliptical shells whose thickness from the center, t, falls off at least as fast as t = t 0 (1 -x 2 /a 2 -y 2 /b 2 ) [1] . Here t 0 is the maximum thickness of the shell, a and b are the semimajor and semiminor axes, x and y are the coordinates along the longitudinal and lateral axes. By measuring tepal thicknesses from images collected by x-ray tomography of intact buds and by photography of microtomed buds, we find that this condition is indeed met for both Lilium casablanca and Lilium lancifolium.
[1] Liang and Mahadevan. Growth, geometry, and mechanics of a blooming lily. PNAS, 108:5516-5521, 2011 A complete description of bacterial populations requires a large-scale model of how populations adapt to their environment. In this study we start with a bacterial pre-culture that has been grown in LB (Lennox Formula) broth and use 500 mL aliquots of preculture to grow E. coli colonies in a shaker at 37 C and~300rpm. These experiments are conducted in 500 mL Erlenmeyer flasks with a working volume of 125 mL and cell density is measured by optical density at 600 nm. In concentrated monovalent salt solutions, E. coli growth rate is affected by both the positive and the negative ions. For both chloride and bromide salts, we obtain the toxicity sequence K > Na >Li. Comparing the effect of anions, we find that bromide salts are more toxic than chloride salts. For adaptation studies to environmental stress, we use either 500 mM NaCl or a temperature shift from 37 to 41.5 C. Adaptation at the population level is marked by a sudden increase in population growth. We discuss the observed timescale of the adaptation process and its functional form which are useful for constructing mathematical models for bacterial populations.
2520-Pos Board B539 Noise Propagation through Cytokine Signaling Leads to Fluctuations in
Interferon-Induced Genes Omar P. Tabbaa 1 , German Nudelman 2 , Stuart C. Sealfon 2 , Ciriyam Jayaprakash 1 . 1 The Ohio State University, Columbus, OH, USA, 2 Mount Sinai School of Medicine, New York, NY, USA. We propose a general mechanism whereby fluctuations in cytokine production can cascade through inter-cellular diffusion to downstream induced genes. We thus highlight the importance of inter-cellular signaling in cell-to-cell variability. We simulate an agent-based model in two dimensions, which provides a mechanistic understanding of noise propagation through inter-cellular communication, and establish conditions under which the mechanism is operative. We illustrate it in the context of experiments on human dendritic cells infected with Newcastle Disease Virus, a non-pathogenic virus that shows large cell-tocell variability of the interferon-induced gene DDX58. The stochastic induction of interferon-b itself leads to large spatial heterogeneity in the secreted cytokine at early times after infection; this heterogeneity results in large spatial variability in the bound receptors that induce the Jak-Stat pathway and therefore in the genes induced by the signaling. Our results give insight into the impact of spatial and temporal heterogeneity on autocrine and paracrine signaling in a collection of cells. We find that autocrine signaling is important immediately after IFNb induction starts but eventually paracrine signaling dominates promoting spatial homogeneity.
Computational Systems Biology

2521-Pos Board B540
A Programmatic Modeling Approach to Explore Alternative Hypothesis of Mitochondrial Regulation in Extrinsic Apoptosis Signaling Carlos F. Lopez 1 , Jeremy L. Muhlich 2 , John A. Bachman 2 , Peter K. Sorger 2 . 1 Vanderbilt University School of Medicine, Nashville, TN, USA, 2 Harvard Medical School, Boston, MA, USA. Experiments often result in observations that can lead to conflicting interpretations of biochemical mechanisms in signaling networks. We aim to use mathematical modeling of extrinsic apoptosis signaling networks to address such experimental observations and provide a theoretical explanation to seemingly discordant interpretations. Probing multiple mechanistic hypotheses in biological modeling often involves the instantiation of complex systems of equations, which despite their usefulness can make model revision, extension, and sharing extremely challenging. To address these modeling barriers, we have developed a modeling framework that allows biological models to be written as native Python programs that encode biological functions. Our modeling framework, PySB, offers access to a large set of existing numerical and programming methods to biological systems modeling. We discuss the implementation of our approach and show how it can be used to explore multiple hypotheses to describe the regulation of mitochondrial outer membrane permeabilization among the Bcl-2 family of proteins. We use our modeling framework to systematically explore proposed mechanisms, both from the literature and from our own experimental work, resulting in the instantiation, comparison, and calibration of multiple model topologies for numerical exploration. Our preliminary results, based on simulations calibrated to experimental data, suggest that the so-called indirect mechanism does not accurately reproduce experimental Tuesday, February 5, 2013 493a observations. Preliminary simulations of the so-called direct, and embedded mechanisms, with different topological variants, suggest that the latter model has better relation with experimental data and combinations of these hypothetical mechanisms could more likely account for the experimental observations. We will also aim to provide a programmatic foundation to probe biochemical model topology, physicochemical parameter-space exploration, and model likelihood with the goal of developing novel testable hypotheses about the interactions among these proteins and their role in apoptosis cancer biology.
2522-Pos Board B541
A Compartmentalized Model of the Beta1-Adrenergic Signaling System in Mouse Ventricular Myocytes Vladimir E. Bondarenko, Brent Wooldridge. Georgia State University, Atlanta, GA, USA. The b 1 -adrenergic signaling system plays an important role in heart function. Activation of this system increases heart rhythm, heart contraction. It also increases blood flow throughout the body. However, in disease, stimulation of b 1 -adrenergic receptors can increase an occurrence of arrhythmias. Therefore, comprehensive experimental study and modeling of the b 1 -adrenergic signaling system in the heart is of significant importance. We developed an experimentally-based mathematical model of b 1 -adrenergic regulation of the action potential and Ca 2þ dynamics in mouse ventricular myocytes. The model includes several modules that describe biochemical reactions, electrical activity, and protein phosphorylation during activation of b 1 -adrenergic receptors. The model cell consists of three major compartments: caveolae, extracaveolae, and cytosol. Concentrations of b 1 -adrenergic receptors, as well as other signaling molecules, vary across the different domains. In the model, b 1 -adrenergic receptors are stimulated by the catecholamine isoproterenol. This leads to the activation of the G s -protein signaling pathway, which ultimately increases cyclic AMP concentration and activity of protein kinase A to different degrees in different domains. The catalytic subunit of protein kinase A phosphorylates ion channels and Ca 2þ handling proteins, leading to an increase or decrease in their function. Dephosphorylation is performed by the protein phosphatases 1 and 2A. Our model reproduces time-dependent behavior of a number of biochemical reactions and voltage-clamp data on ionic currents in mouse ventricular myocytes. The model also predicts action potential prolongation as well as an increase in intracellular Ca 2þ transients dependent upon stimulation of b 1 -adrenergic receptors. The accuracy of the model was tested against experimental findings.
2523-Pos Board B542 A Systems Biology Workflow to Identify Interactions that Exist in Loosely
Coupled Biological Systems Philip C. Church, Andrzej Goscinski, Christophe Lefèvre. Deakin University, Geelong, Australia. The system biology approach has been applied to gene expression data to identify molecular mechanisms of isolated biological systems. Adapting this methodology to incorporate connections between different biological systems and extensive repositories of data can help find novel gene interactions. The devised distributed workflow uses normalized microarray gene expression data from which gene lists are extracted. Gene set enrichment is then applied to isolate data points which share genetic similarity. If an enriched gene set meets the enrichment score and p-value criteria, distributed correlation algorithms are applied to build network maps which are layered based on the time these two systems first interacted. Gene interactions are extracted using the network maps and given a score based on how often two or more genes show similar interactions. using this workflow, we have investigated the link between genes expressed during lactation and digestion of dairy products. Results found that genes expressed during the pregnancy period of the mouse (d3-d14) were also expressed after digestion of dairy products. Further investigation showed that while a majority of these genes had mitochondrial ribosomal protein related function, some anti-proliferative genes were present.
2524-Pos Board B543
Solution Surfaces of Genetic Networks and Applications Gemunu H. Gunaratne. University of Houston, Houston, TX, USA. Living systems maintain their physiological state under environmental changes and isolated genetic mutations through feedback within highly connected net-works of genes, proteins, and other bio-molecules. Unfortunately, this robustness also makes it difficult to correct defects such as hereditary diseases, as evidenced by the surprising lack of efficacy of single target drugs that were designed to act on specific molecular targets. Side-affects from medications are another consequence of the connectivity in underlying networks. If accurate models of gene networks were available, they could be used to compute how effective therapies for diseases can be designed. Unfortunately, it is very difficult to construct sufficiently accurate models. We propose to use ''solution surfaces'' of the gene network associated with a biological process. In principle, they can be obtained by sequencing many biologically perturbed mutants. However, studies of model networks and nonlinear electronic circuits show that the solutions surfaces are smooth; hence, good approximations can be obtained from expression data of a handful of mutants. Furthermore, as we show through several examples, biologically relevant issues can be addressed in this approach. Specifically, we can compute how the state of a gene network can be moved to a pre-specified state.
As an example, we have used the methodology to compute how the brain transcriptome of Drosophila can be altered in order to move the animal to a sleep-deprived like state. Experiments are being conducted to verify our predictions. Interestingly, this biologically motivated approach to study networks may have applications in other disciplines; some examples will be discussed.
2525-Pos Board B544
A Dynamic Model Utilizing Linear Operators for the Characterization of Stochastic Gene Expression Junjie Luo. Johns Hopkins Medical Institution, Baltimore, MD, USA. Gene expression events happen stochastically because of the low number of DNA, mRNA and protein in single cells. A theoretical model for central dogma is needed to explain the variation of molecular number among cell population. Most of the analytical models in literature assume that this stochastic gene expression occurs in a stable system. However, especially in single cell organisms, gene expressions are often accompanied with rapid cell growth, division and environmental fluctuations, which are more dynamic compared to biomacromolecules synthesis and degradation. Based on this, we develop a linear operator model that takes into account other types of stochastic events besides gene expression. This model provides a theoretical explanation for how cells maintain molecular concentration homeostasis during volume expansion and molecule redistribution into daughter cells in the process of cell division. Additionally, using this approach, we are able to distinguish protein concentration reductions caused by degradation, dilution and cell division, as well as compare the effects from various types of extrinsic noise including difference between individual cells and fluctuations in intracellular substrate level and extracellular environment. This dynamic model is confirmed by numerical simulation and experimental observations.
2526-Pos Board B545
Recent Progress in Visualizing Constraint-Based Flux-Balance Models in Cytoscape John A. Cole. UIUC, Urbana, IL, USA. The last several years have seen an explosion in the quality and quantity of genome-scale data. From metabolism to transcription and translation, the ''-omics'' revolution has given systems biologists the ability to develop increasingly comprehensive models of biochemical reaction networks. But as the size and scope of systems-level models has increased, it has become more difficult to understand and communicate their behavior in an intuitive manner. We believe that a robust set of tools designed to aid in the visualization of systems-level models can offer a way forward in this regard. We will report on recent advances in the development of several plugins for the popular Cytoscape network visualization software platform. These plugins are designed to represent large constraint-based models in an immediately understandable way. Several plugins are under development, including functionalities for importing and updating hand-curated maps from the BiGG database, and mapping flux distributions throughout reaction networks, but the centerpiece will be a unique algorithmic approach to network lay-out that will create highlyreadable maps with little or no hand-curation necessary.
2527-Pos Board B546 Correlations between Homeostasis and Genetic Robustness in Enzymatic Networks
Zeina Shreif, Vipul Periwal. National Institutes of Health, Bethesda, MD, USA. The evolutionary fitness of an organism, a unitary concept, is defined as the likelihood that the lineage of that organism survives. A priori, this fitness 494a Tuesday, February 5, 2013
